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Аɧɧɨɬаɰиɹ. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɪɚɫɱɟɬɚ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɱɧɨɫɬɶɸ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɫ ɭɱɟɬɨɦ ɞɨɥɟɣ ɭɱɚɫɬɢɹ ɨɫɧɨɜɧɨɝɨ ɢ ɧɚɩɥɚɜɥɟɧɧɨ-
ɝɨ ɦɟɬɚɥɥɚ, ɦɟɬɚɥɥɚ ɩɪɟɞɵɞɭɳɟɝɨ ɜɚɥɢɤɚ ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɲɚɝɚ ɧɚɩɥɚɜɤɢ. 
Эɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɥɨɹ ɩɪɢ ɧɚɩɥɚɜɤɟ ɩɨɪɨɲɤɨɜɨɣ ɩɪɨ-
ɜɨɥɨɤɨɣ ɫɥɨɠɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɲɚɝ ɧɚɩɥɚɜɤɢ ɜɵɛɢɪɚɬɶ ɜ 
ɩɪɟɞɟɥɚɯ 0,5–0,7. 

 

Клɸɱевые ɫлɨва: ɧɚɩɥɚɜɥɟɧɢɟ, ɩɨɪɨɲɤɨɜɚɹ ɩɪɨɜɨɥɨɤɚ, ɪɟɦɨɧɬ, ɲɚɝ ɧɚɩɥɚɜɤɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ, ɩɪɨɱɧɨɫɬɶ. 
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Аɧɨɬаɰіɹ. Ɋɨɡɪɨɛɥɟɧɨ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɡ ɞɨɫɬɚɬɧɶɨɸ ɦɿɰɧɿɫɬɸ ɯɿɦɿɱɧɨɝɨ 
ɫɤɥɚɞɭ ɧɚɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɱɚɫɬɨɤ ɭɱɚɫɬɿ ɨɫɧɨɜɧɨɝɨ ɿ ɧɚɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ, 
ɦɟɬɚɥɭ ɩɨɩɟɪɟɞɧɶɨɝɨ ɜɚɥɢɤɚ ɜ ɧɚɫɬɭɩɧɨɦɭ ɿ ɜɿɞɧɨɫɧɨɝɨ ɤɪɨɤɭ ɧɚɩɥɚɜɥɟɧɧɹ. ȿɤɫɩɟɪɢɦɟɧɬɢ ɩɨɤɚ-
ɡɚɥɢ, ɳɨ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɹɤɿɫɧɨɝɨ ɲɚɪɭ ɩɪɢ ɧɚɩɥɚɜɥɟɧɧɿ ɩɨɪɨɲɤɨɜɢɦ ɞɪɨɬɨɦ ɫɤɥɚɞɧɨʀ ɤɨɧ-
ɫɬɪɭɤɰɿʀ ɧɚ ɪɿɡɧɢɯ ɪɟɠɢɦɚɯ ɞɨɰɿɥɶɧɨ ɤɪɨɤ ɧɚɩɥɚɜɥɟɧɧɹ ɨɛɢɪɚɬɢ ɜ ɦɟɠɚɯ 0,5–0,7. 

 

Клɸɱɨві ɫлɨва: ɧɚɩɥɚɜɥɟɧɧɹ, ɩɨɪɨɲɤɨɜɢɣ ɞɪɿɬ, ɪɟɦɨɧɬ, ɤɪɨɤ ɧɚɩɥɚɜɥɟɧɧɹ, ɦɚɬɟɦɚɬɢɱɧɚ ɦɨ-
ɞɟɥɶ, ɦɿɰɧɿɫɬɶ. 
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Abstract. A mathematical model to calculate a chemical composition of weld metals with sufficient 

strength, taking into account the percentage of the basic and weld metal, metal beads in the previous 

and subsequent welding steps. Experiments have shown that, in order to get a quality layer while fus-

ing with a complex cored wire at various modes, it is reasonable to select within 0,5–0,7 welding 

steps. 
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ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɝɪɟɝɚɬɵ ɢ ɞɟɬɚɥɢ 

ɚɜɬɨɦɨɛɢɥɹ ɢɡɧɚɲɢɜɚɸɬɫɹ ɜ ɪɚɡɥɢɱɧɨɣ ɫɬɟ-
ɩɟɧɢ – ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɢ 

ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ [1]. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɪɚɛɨ-
ɬɨɫɩɨɫɨɛɧɨɫɬɢ ɢɡɧɨɲɟɧɧɵɯ ɞɟɬɚɥɟɣ ɦɨɠɟɬ 
ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɞɜɭɦɹ ɩɭɬɹɦɢ: ɩɪɢɦɟɧɟɧɢ-

ɟɦ ɦɟɬɨɞɚ ɪɟɦɨɧɬɧɵɯ ɪɚɡɦɟɪɨɜ ɢɥɢ ɧɚɪɚɳɢ-

ɜɚɧɢɟɦ ɦɟɬɚɥɥɚ ɧɚ ɢɡɧɨɲɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 
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ɞɨ ɧɨɦɢɧɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ [2]. ɉɟɪɜɵɣ ɩɭɬɶ 
ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ, ɩɨɫɤɨɥɶ-
ɤɭ ɱɢɫɥɨ ɪɟɦɨɧɬɧɵɯ ɪɚɡɦɟɪɨɜ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɢɦ. ȼɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢ-

ɦɨɫɬɶ ɜ ɯɪɚɧɟɧɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɫɨɩɪɹɝɚɟɦɵɯ ɞɟɬɚɥɟɣ ɫ ɪɚɡɥɢɱ-
ɧɵɦɢ ɪɟɦɨɧɬɧɵɦɢ ɪɚɡɦɟɪɚɦɢ. ȼɵɛɨɪ ɫɩɨɫɨ-
ɛɚ ɧɚɪɚɳɢɜɚɧɢɹ ɢɡɧɨɲɟɧɧɵɯ ɞɟɬɚɥɟɣ ɞɨ ɧɨ-
ɦɢɧɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɨɩɪɟɞɟɥɹɟɬ ɫɬɟɩɟɧɶ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɟɬɚɥɟɣ ɢ 

ɫɬɨɢɦɨɫɬɶ ɢɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. ȼ ɨɛɳɟɦ ɨɛɴ-

ɟɦɟ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ ɡɧɚɱɢɬɟɥɶ-
ɧɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɟɬ ɧɚɩɥɚɜɤɚ ɩɨɪɨɲɤɨɜɵɦɢ 

ɩɪɨɜɨɥɨɤɚɦɢ [3]. Ɉɞɧɚɤɨ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨ-
ɰɟɫɫɚ ɧɚɩɥɚɜɤɢ ɩɨɪɨɲɤɨɜɵɦɢ ɩɪɨɜɨɥɨɤɚɦɢ 

ɫɥɨɠɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɭɱɟɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ. 
 

  

 

Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɧɚɩɥɚɜɤɢ ɦɟɬɚɥɥɚ 
ɩɨɪɨɲɤɨɜɨɣ ɩɪɨɜɨɥɨɤɨɣ ɧɟ ɬɨɥɶɤɨ ɫ ɰɟɥɶɸ 

ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɧɨ ɢ ɫ 
ɰɟɥɶɸ ɢɫɩɪɚɜɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɢ ɪɟɦɨɧɬɚ ɝɨɬɨ-
ɜɨɣ ɩɪɨɞɭɤɰɢɢ, ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ 

ɞɥɹ ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ [1–3]. 

 

ɉɨɥɭɱɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟ-
ɧɢɹ ɫ ɬɪɟɛɭɟɦɵɦ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ ɹɜɥɹ-
ɟɬɫɹ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɧɚɩɥɚɜɤɢ ɦɟɬɚɥɥɚ,  
ɩɨɷɬɨɦɭ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ 

ɧɚɩɥɚɜɤɢ, ɨɩɬɢɦɢɡɚɰɢɹ ɪɟɠɢɦɨɜ ɢ ɪɚɰɢɨ-
ɧɚɥɶɧɵɣ ɩɨɞɯɨɞ ɤ ɜɵɛɨɪɭ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹ-
ɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɥɹ ɢɫɫɥɟɞɨ-
ɜɚɧɢɣ [1–4].  

 

ɉɨɷɬɨɦɭ ɩɪɟɞɫɬɚɜɥɹɥɨ ɢɧɬɟɪɟɫ ɢɡɭɱɟɧɢɟ ɯɢ-

ɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɫ 
ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨ-
ɥɢɥɚ ɛɵ ɩɨɥɭɱɢɬɶ ɤɚɱɟɫɬɜɟɧɧɨɟ, ɛɟɡɞɟɮɟɤɬ-
ɧɨɟ ɫɨɟɞɢɧɟɧɢɟ. 
 

    

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɫɨɫɬɚɜɚ ɦɟ-
ɬɚɥɥɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɩɨɪɨɲɤɨɜɨɣ ɩɪɨɜɨɥɨ-
ɤɨɣ ɫɥɨɠɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɭɤɚɡɚɧɧɨɣ ɰɟɥɢ ɪɟɲɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

 

– ɢɫɫɥɟɞɨɜɚɬɶ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɧɚɩɥɚɜɥɟɧ-

ɧɨɝɨ ɦɟɬɚɥɥɚ; 
– ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɫ ɭɱɟɬɨɦ ɞɨɥɟɣ ɭɱɚ-
ɫɬɢɹ ɨɫɧɨɜɧɨɝɨ ɢ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, 
ɦɟɬɚɥɥɚ ɩɪɟɞɵɞɭɳɟɝɨ ɜɚɥɢɤɚ ɜ ɩɨɫɥɟɞɭɸɳɟɦ 

ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɲɚɝɚ ɧɚɩɥɚɜɤɢ. 

  ,  

    

 

 

ɉɪɢ ɧɚɩɥɚɜɤɟ ɦɚɥɨɝɨ ɱɢɫɥɚ ɫɥɨɟɜ ɞɥɹ ɪɚɫɱɟɬɚ 
ɫɨɫɬɚɜɚ ɤɚɠɞɨɝɨ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɫɥɨɹ ɧɟɨɛɯɨ-
ɞɢɦ ɭɱɟɬ ɞɨɥɢ ɭɱɚɫɬɢɹ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, 
(n-1)-ɝɨ ɫɥɨɹ ɜ n-ɦ ɦɟɬɚɥɥɟ ɩɪɟɞɵɞɭɳɟɝɨ ɜɚ-
ɥɢɤɚ ɜ ɩɨɫɥɟɞɭɸɳɟɦ. Ʉɨɧɰɟɧɬɪɚɰɢɸ ɷɥɟɦɟɧ-

ɬɚ ɜ ɩɟɪɜɨɦ ɫɥɨɟ ɩɨɫɥɟ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɨɫɬɚɜɚ, 
ɬ.ɟ. ɧɚɩɥɚɜɤɢ ɬɪɟɯ-ɩɹɬɢ ɜɚɥɢɤɨɜ, ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɫɨɝɥɚɫɧɨ [5] 

 

 0 1 1

1
' 1

1
HMe Me Me          ,      (1) 

 

ɝɞɟ Me’, Me0 , MeH – ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɦɟɧɬɚ 
ɜ ɩɟɪɜɨɦ ɫɥɨɟ, ɨɫɧɨɜɧɨɦ ɢ ɧɚɩɥɚɜɥɟɧɧɨɦ ɦɟ-
ɬɚɥɥɟ;  – ɞɨɥɹ ɭɱɚɫɬɢɹ ɦɟɬɚɥɥɚ ɩɪɟɞɵɞɭɳɟ-
ɝɨ ɜɚɥɢɤɚ ɜ ɩɨɫɥɟɞɭɸɳɟɦ; 1 , 11     – 

ɞɨɥɢ ɭɱɚɫɬɢɹ ɨɫɧɨɜɧɨɝɨ ɢ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟ-
ɬɚɥɥɚ ɜɬɨɪɨɝɨ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɚɥɢɤɨɜ  
(ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. Ʉ ɪɚɫɱɟɬɭ ɞɨɥɢ ɭɱɚɫɬɢɹ ɦɟɬɚɥɥɚ 
ɩɪɟɞɵɞɭɳɟɝɨ ɜɚɥɢɤɚ ɜ ɩɨɫɥɟɞɭɸɳɟɦ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɚ ɜ  
n-ɦ ɫɥɨɟ ɩɪɟɨɛɪɚɡɭɟɦ ɮɨɪɦɭɥɭ (1) ɫɥɟɞɭɸ-

ɳɢɦ ɨɛɪɚɡɨɦ 

 

0 1 1 1(1 )
'

1 1 1

H HMe Me Me
Me

            

1
0

φ
( )

1 δH HMe Me Me     .             (2) 

 

ɂɡ ɮɨɪɦɭɥɵ (2) ɨɩɪɟɞɟɥɢɦ ɫɨɞɟɪɠɚɧɢɟ ɷɥɟ-
ɦɟɧɬɚ ɜ ɩɨɫɥɟɞɭɸɳɢɯ ɫɥɨɹɯ, ɟɫɥɢ ɜɦɟɫɬɨ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɚ ɜ ɨɫɧɨɜɧɨɦ ɦɟɬɚɥɥɟ 

0Me  ɩɨɞɫɬɚɜɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɚ ɜ 
ɩɪɟɞɵɞɭɳɟɦ ɫɥɨɟ (ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨɹɧɫɬɜɚ 

1φ .ɢ δ ) 
 

2 1φ( ')
1 δH HMe Me Me Me     
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2

1
0

φ
( )

1 δH HMe Me Me
       . 

 

Ɍɨɝɞɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɦɟɧɬɚ ɜ n-ɦ ɫɥɨɟ 
ɧɚɩɥɚɜɤɢ ɛɭɞɟɬ ɪɚɜɧɚ 
 

1
0( )

1

n

n
H HMe Me Me Me

        .  (3) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɚɫɱɟɬɚ ɫɨɞɟɪɠɚɧɢɹ ɷɥɟ-
ɦɟɧɬɚ ɜ n-ɦ ɫɥɨɟ ɧɚɩɥɚɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜ ɨɫɧɨɜɧɨɦ ɢ ɧɚɩɥɚɜɥɟɧ-

ɧɨɦ ɦɟɬɚɥɥɟ ɢ ɞɨɥɢ ɭɱɚɫɬɢɹ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚ-
ɥɚ ɜ ɦɟɬɚɥɥɟ ɜɬɨɪɨɝɨ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɜɚɥɢɤɨɜ 

1φ  ɢ ɞɨɥɢ ɭɱɚɫɬɢɹ ɦɟɬɚɥɥɚ ɩɪɟɞɵɞɭɳɟɝɨ ɜɚ-
ɥɢɤɚ ɜ ɩɨɫɥɟɞɭɸɳɟɦ δ . 

 

ȼɟɥɢɱɢɧɭ HMe  ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ (3), 1φ  
ɢ 

δ  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ 
ɫɨɨɛɪɚɠɟɧɢɣ. ɂɡ ɦɚɤɪɨɲɥɢɮɨɜ ɧɚɩɥɚɜɥɟɧ-

ɧɵɯ ɜɚɥɢɤɨɜ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɮɨɪɦɭ ɫɟɱɟɧɢɹ 
ɭɫɢɥɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɜɚɥɢɤɚ ɦɨɠɧɨ ɩɪɢ-

ɧɹɬɶ ɜ ɜɢɞɟ ɩɚɪɚɛɨɥɵ (ɪɢɫ. 1) ɫ ɭɪɚɜɧɟɧɢɟɦ 

ɜɢɞɚ 
2

1y ax h  , 

 

ɝɞɟ h1 – ɜɵɫɨɬɚ ɭɫɢɥɟɧɢɹ.  
 

ɂɡ ɫɨɨɬɧɨɲɟɧɢɹ 
2

1 0
2

b
a h
       ɧɚɯɨɞɢɦ 

2
14a h b  . 

 

ɂɬɚɤ, ɮɨɪɦɭ ɫɟɱɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɜɚɥɢɤɚ 
ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟɦ 

 

1

2

2

14

hb

xh
y                       (4) 

 

ɇɚɣɞɟɦ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɜɚ-
ɥɢɤɚ 2h  ɢ ɭɪɚɜɧɟɧɢɟɦ ɜɢɞɚ 
 

/2 /2

21
1 12

0 0

4 2
2 2 .

3

b b

H

h
F ydx h x dx h b

b

         

 

Ɏɨɪɦɭ ɫɟɱɟɧɢɹ ɩɪɨɩɥɚɜɥɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɦɟ-
ɬɚɥɥɚ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɜ ɜɢɞɟ ɩɨɥɭɷɥɥɢɩɫɚ ɫ 
ɩɨɥɭɨɫɹɦɢ b/2 ɢ 2h  ɢ ɭɪɚɜɧɟɧɢɟɦ ɜɢɞɚ 
 

2 2

2 2

2

1
( / 2)

x y

b h
  .                     (5) 

Ɉɬɤɭɞɚ ɧɚɯɨɞɢɦ 

 

  222 2
2

xb
b

h
y  . 

 

Ɍɨɝɞɚ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɩɪɨɩɥɚɜɥɟɧɢɹ ɦɟɬɚɥɥɚ 
 

 /2 /2
2 22

ɩɪ
0 0

4
2 2

b b
h

F ydx b x dx
b

      

2

2
2

4 π π
8 2 4

h b
h b

b
    . 

 

ɂɬɚɤ, ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɫɥɨɹ 
 

ɩɪ 1 2

2 π
3 4

HF F F h h b
       .            (6) 

 

ɇɚɣɞɟɦ ɩɥɨɳɚɞɶ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɬɪɟɭɝɨɥɶ-
ɧɢɤɚ ȺɆȼ. ɂɦɟɟɦ 

 

 


  2/

2/

1

2

2

14
2

b

H

AMB dxhx
b

h
F  





 


 3

11
3

1

3

2

b

H

b

H
bhbh . 

 

Ⱥɧɚɥɨɝɢɱɧɨ ɧɚɯɨɞɢɦ ɩɥɨɳɚɞɶ ɤɪɢɜɨɥɢɧɟɣ-

ɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ȺɄȼ 

 

 


 2/

2/

2

2

2

2

2
2

b

H

AKB dxx
b

b

h
F

 
 

2

2 2 2π
arcsin 1

4 2 2

h b h b h HH H

b b

        . 

 

Ɍɨɝɞɚ ɩɥɨɳɚɞɶ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɱɟɬɵɪɟɯ-
ɭɝɨɥɶɧɢɤɚ ȺɆȼɄ ɫɨɫɬɚɜɥɹɟɬ 
 





 


 3

11
3

1

3

2

b

H

b

H
bhbhFAMBK

 
 

2

2 2 2π
arcsin 1

4 2 2

h b h b h HH H

b b

          (7) 

 

Ɉɛɨɡɧɚɱɚɹ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɲɚɝ ɧɚɩɥɚɜɤɢ 

/H b  ɱɟɪɟɡ α, ɩɨɥɭɱɢɦ 
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3

1 2 1

2

3 4 3

AMBKF
h h h

F

             
22 2

1 2

2
arcsinα 1

2 2 3 4

h h
h h

          . 

 

ȼɜɨɞɹ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɲɟɧɢɹ ɜɵɫɨɬɵ ɭɫɢ-

ɥɟɧɢɹ 
1h  ɤ ɝɥɭɛɢɧɟ ɩɪɨɩɥɚɜɥɟɧɢɹ 

 2 1 2h h h  , ɛɭɞɟɦ ɢɦɟɬɶ 
 

3
22

arcsinα
4 3 3 2

h               
21 2

1
2 4 3

           .                    (8) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɥɹ ɭɱɚɫɬɢɹ ɦɟɬɚɥɥɚ ɩɪɟɞɵ-

ɞɭɳɟɝɨ ɜɚɥɢɤɚ ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɡɚɜɢɫɢɬ ɨɬ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɲɚɝɚ ɧɚɩɥɚɜɤɢ   ɢ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ 1 2h h  . 

 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɥɨɹ ɩɪɢ ɧɚɩɥɚɜɤɟ ɩɨɪɨɲɤɨ-
ɜɨɣ ɩɪɨɜɨɥɨɤɨɣ ɫɥɨɠɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ 
ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɲɚɝ 
ɧɚɩɥɚɜɤɢ ɜɵɛɢɪɚɬɶ ɜ ɩɪɟɞɟɥɚɯ 0,50–0,70. 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɨɜ ɧɚɩɥɚɜɤɢ ɢ ɲɥɚ-
ɤɨɜɨɣ ɫɢɫɬɟɦɵ ɫɟɪɞɟɱɧɢɤɚ ɩɨɪɨɲɤɨɜɨɣ ɩɪɨ-
ɜɨɥɨɤɢ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ȕ  ɢɡɦɟɧɹɟɬɫɹ 
ɜ ɩɪɟɞɟɥɚɯ 1,5–3,5.  

 

Ⱦɨɥɸ ɭɱɚɫɬɢɹ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɦɟɬɚɥɥɟ 
ɜɬɨɪɨɝɨ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɜɚɥɢɤɨɜ ɨɩɪɟɞɟɥɢɦ 

ɩɨ ɮɨɪɦɭɥɟ 
 

2
ɩɪ 2 2

1

ɩɪ
2

1

arcsin 1

2
2

3 4

AKB

H

F F h h

F F
h

h

          
. 

 

Ɋɚɡɞɟɥɢɜ ɱɢɫɥɢɬɟɥɶ ɢ ɡɧɚɦɟɧɚɬɟɥɶ ɧɚ 
2h , 

ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ 

 

2

1

arcsinα 1

4

3 2

     
.             (9) 

 

ɉɪɢ ɧɚɩɥɚɜɤɟ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɡɚɞɚɧ-

ɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ HMe  ɜɟɪɯɧɟɝɨ ɫɥɨɹ. 
ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ n-ɨɦ 

ɫɥɨɟ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɟɝɨ ɜ ɧɚɩɥɚɜɥɟɧɧɨɦ ɦɟ-
ɬɚɥɥɟ ɱɟɪɟɡ 
 

%100
H

H

n

Me

MeMe
,              (10) 

 

ɬɨ ɢɡ ɮɨɪɦɭɥɵ ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ  
 

0 11
100 1

n

H

Me

Me

           . 

 

Ɉɬɤɭɞɚ ɧɚɯɨɞɢɦ, ɱɬɨ ɡɚɞɚɧɧɵɣ ɫɨɫɬɚɜ 
ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɨ ɥɟɝɢɪɭɸɳɟɦɭ 
ɷɥɟɦɟɧɬɭ Ɇɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɜ n-ɨɦ 

ɫɥɨɟ, ɝɞɟ n ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
     01

ln /100 ln 1 /

ln ln 1

HMe Me
n

       .       (11) 

 

 

 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɪɚɫ-
ɱɟɬɚ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɯɢɦɢɱɟɫɤɨɝɨ 

ɫɨɫɬɚɜɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɫ ɭɱɟɬɨɦ ɞɨ-
ɥɟɣ ɭɱɚɫɬɢɹ ɨɫɧɨɜɧɨɝɨ ɢ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟ-
ɬɚɥɥɚ, ɦɟɬɚɥɥɚ ɩɪɟɞɵɞɭɳɟɝɨ ɜɚɥɢɤɚ ɜ ɩɨɫɥɟ-
ɞɭɸɳɟɦ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɲɚɝɚ ɧɚɩɥɚɜɤɢ. 
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